Résumé. 2014 Nous présentons des résultats de viscosité obtenus dans des solutions semi-diluées de polymères (c* c 10%). La 
Introduction. -Zero shear viscosity of polymer solutions and melts have been intensively studied for many years. A good review article on the subject was written by Fox and Berry [1] (1968) .
Our purpose is to compare de Gennes' viscosity theory [2] Inside a subchain, the g monomers are subject to excluded volume effects and to hydrodynamic interactions. Such interactions do not take place between two subchains; ç is a screening length for both excluded volume and hydrodynamic effects. Edwards [4] and de Gennes [5] imagine that the motion of a particular chain is a reptation in a fictitious tube, defined by all the surrounded chains. The diameter of this tube is the screening length ç :
where I is an effective length per monomer The length of the tube is :
where N is the number of monomers in a chain and since a S.D. solution is a closely packed system of subchains units.
The time TR necessary for a complete renewal of the tube is the time required for chain to reptate the length of the tube [6] :
where Dt is the diffusion coefficient of the Rouse chain along its tube. Thus :
where qo is the solvent viscosity.
Combining equations (3), (5) and (6), we have :
Substituting the expressions (4) and (2) for g and ç in the expression of TR (7) we have :
Following rubber elasticity theory (7), the elastic modulus of the transient network is proportional to the volume number density of strands c/g. Using the expressions (2) and (4) we obtain : E --kT/ç3 thus :
From the expressions of T R (8) and E (9) we obtain for the viscosity [10] : or Using the most accurate experimental value of v [8] , which corresponds to the prediction of the n vector model [9] given by equation (10) must increase.
In the case of a 0 solvent [13] the theory of the viscosity is much more difficult because there exist two lengths [14] : -the correlation length, which is the screening length of the density-density correlation function : -and the mean distance between two consecutive entanglements :
The problem is : how the shear modulus and the longest relaxation time depend on ç and Ç2. In section 3.2, we will discuss our experimental results obtained in 0 conditions and compared them with different theoretical possibilities.
2. Experimental procedure.
-
The principle of the viscometer was given in our earlier paper [15] . We measure the viscous force F to which a sphere (radius r = 5 x 10-2 cm) is submitted when the fluid is displaced at a velocity v : .... PIB-cyclohexane c* values; ------cc deduced from [27] . b) 6 solvent systems. -PS-cyclohexane (35 OC); · · · · PIB-benzene (25 °Q ; ------Cc now driven by a stepmotor and its velocity is measured to an accuracy better than 0.1 %.
We made an absolute calibration of the apparatus by measuring a standard silicon oil (q = 50 P at 25 OC) and our new overall precision is 2 %.
From the measured viscosity, we have deduced the relative viscosity defined as the ratio of polymer solution viscosity to that of the solvent [17] , given in appendix 2.
Two kinds of polymer were used : poly-isobutylene and polystyrene in three different solvents whose characteristics are given in table I.
In figure 1 we plot the different concentrations of the samples at which the viscosity was measured. We represent also the variation of the overlap concentration c* as a function of molecular weight. As usual [12, 15, 18] we use for c* :
where A is Avogadro's number, p is the density of the solvent, and RG is the radius of gyration measured by light scattering [19] . For [41] .
In the PIB-toluene system, the concentration dependence of the relative viscosity is :
in agreement with reference [21] . The we find : F = 9 x 10-3 in the case of figure 4. In figure 5 i) at very short distance r (r ma), the chain is rigid [22, 23] , m being the number of monomers affected by rigidity, ii) at larger distance (r &#x3E; ma) the subchain ç has a Gaussian conformation if m g gt. The excluded volume effects are dominant if g &#x3E; g, [24] . In the range of molecular weight studied, we have low values of glg, in the semi-dilute range. For instance, in a PS-benzene solution, at room temperature, gt corresponds to a molecular weight M. of = 104 [25] .
By comparison of diffusion coefficient at zero concentration and cooperative diffusion coefficient in semidilute solution [18] , having a monomer concentration of 2 % c 10 % the corresponding Mg values are :
Thus, for c = 10 %, the ratio g/gt is of the order of unity. In other words, at room temperature and for 2 % c 10 %, the effective value of the exponent v has not reached its asymptotic value.
Using the assumptions i) and ii) the expressions glgt (A. 5) and r¡r (A. 6) are developed in appendix 1. In those expressions T is a constant because the systems studied (PS-benzene and PIB-cyclohexane) have very low 0 temperatures [7] and small change near room temperature does not affect the quality of solvents (T = const.). If we suppose that m is inversely proportional to the temperature we obtain the following temperature dependences : When T increases, glgt and 1, increase and decrease, respectively. This seems to justify that in the case of PS-benzene and PIB-cyclohexane : -F is independent of the molecular weight (see Fig. 5 This assumption (that v has not reached its asymptotic value) seems in contradiction with neutron measurements on ç in PS-benzene solutions [26] .
But one must note that the law in which the exponent value corresponds to the asymptotic value of v, was measured in a concentration range (0.5 % c 5 %) lower than that of our viscosity measurements, hence in a higher range of gIg".
Self-diffusion measurements on PS-benzene solutions are reported in reference [27] (2 % (Ref [29] ). On both our systems, when we increase the temperature from the 0 point, (T 2013 0 = 160) the relative viscosity, for a 9 % monomer concentration, decreases by a factor 1.6. In both cases, PS-cyclohexane (35 °C) and PIBbenzene (25°C) the relative viscosity varies with concentration as :
In figure 6 the arrows represent the c* values on both systems. As soon as c &#x3E; c*, the experimental points, on log log scale, lie on a straight line of slope 5. Starting from these experimental results (1,, -c5) we want to examine the contribution of the two characteristic lengths which are present in the system, at the 0 temperature.
The first length is the mean distance between two consecutive entanglements or contacts : using this distance it was found [14, 30] :
The second length is the correlation length of density-density correlation function :
ç '" c-I corresponds to the expression (2) of j where v is set equal to 1/2. Using v = 1/2 in the expressions of the shear modulus (9) and of the longest relaxation time (8) [17] . We 
